Purpose: To assess the change and interrelationship of the field of binocular single vision (BSV) and the quality of life (QoL), tested with two different tools, after one or two strabismus surgeries in patients with Graves' orbitopathy (GO). Methods: Prospectively, consecutive patients with GO who were scheduled for their first strabismus surgery were recruited from five centres specialized in the treatment of GO. One week preoperatively and 3 months after the last operation, a full ophthalmic and orthoptic examination was performed. Change in field of BSV, GO-QoL and thyroid eye disease-QoL (TED-QoL) was recorded. Results: A total of 59 met all the eligibility criteria of whom 15 underwent two strabismus operations. The median (interquartile range) preoperative score of the field of BSV was 0 (0-0), which improved to 73 (53-85) after the correction(s) (p < 0.001). After the first surgery, a significant higher score of the field of BSV was found in the patients who underwent one operation (76; 60-86) compared with those who underwent two 0 (0-63) operations (p < 0.001). After the second surgery, this score increased to 62 (40-76; p = 0.05). A moderate correlation was found between the score of the field of BSV and the GO-QoL visual functioning (VF) questionnaires (r = 0.485; p < 0.001). Both the GO-QoL and TED-QoL for VF and appearance (AP) showed significantly higher scores after the treatment (p < 0.001). Conclusion: After strabismus surgery in GO patients, both the field of BSV and quality of life questionnaires increase. In approximately 30% of the patients, an additional strabismus surgery is performed. This second surgery significantly expands the field of BSV and the quality of life.
Introduction
Motility impairment causing diplopia and/or head turn/tilt is a frequent manifestation of Graves' orbitopathy (GO) that seriously affects quality of life and has profound socio-economic consequences (Farid et al. 2005; Yeatts 2005; Coulter et al. 2007 ). Orbital decompression may be associated with a worsening of motility in 2-66% of cases (Garrity et al. 1993; Goldberg et al. 2000; Ben Simon et al. 2006 ). Approximately 20% of GO patients seen in a tertiary referral centre are not adequately treated with prisms alone and require strabismus surgery (Sasim et al. 2008) . Oftentimes, GO presents with both a horizontal and vertical restriction of ocular motility, occasionally with a torsional component. Although this multivector strabismus can be corrected with a single surgical plan, more than one correction may be required to reach the desired outcome (Eckstein et al. 2012; Jellema et al. 2012 ) -an adequate field of binocular single vision (BSV) in primary and downgaze. The field of BSV and the quality of life (QoL) are among recently published criteria defining successful treatment (Jellema et al. 2015) , in which the patient reported outcome is complementary to the clinically measured outcome (Sprangers 2010) . At this time, a few disease-specific questionnaires for GO are available which have been tested under different circumstances (Terwee et al. 2002; Yeatts 2005; Fayers & Dolman 2011) . The GO-QoL is used in a pilot study evaluating the impact of a first strabismus surgery (Jellema et al. 2014) . The TED-QoL, designed for quick assessment of QoL, has not been used in such a study. Moreover, no literature is available yet prescribing the change in QoL after an, often necessary, additional second procedure. To date, the outcome of strabismus surgery in GO has not been investigated in a systematic way using strict criteria and including the second procedure. So the aim of this study was to assess the outcome objectively using success criteria for the field of BSV as proposed by Jellema et al. (2015) and subjectively with the use of the GO-QoL and TED (thyroid eye disease)-QoL questionnaires including patients for their first and if necessary second strabismus surgery.
Patients and Methods

Design and patients
We conducted a prospective observational cohort study and recruited patients from five tertiary referral centres specialized in orbital surgery in the United States, Canada, Belgium and the Netherlands. The study was conducted according to the principles of the Declaration of Helsinki (seventh edition, October 2008, Seoul). Each centre obtained Institutional Review Board or Ethics Committee approval. Patients were prospectively consecutively recruited over a period of 12 months (January 2013 -December 2013 . Individuals diagnosed with GO without prior strabismus surgery and candidates for surgical correction were eligible for the study if they met the inclusion criteria. These criteria included the following: clinically and biochemically euthyroid for at least 3 months; a stable orthoptic examination for at least 3 months, for example no greater than five prism dioptre change in primary position and no greater than an 8°change in duction (Mourits et al. 1994; Prummel et al. 2004; Haggerty et al. 2005) . Patients with suppression, previously diagnosed and/or treated strabismus not related to the thyroid, and/or with bestcorrected visual acuity (BCVA) less than 20/100 in one or both eyes were excluded. Patients included in a prior study were excluded for participation (Jellema et al. 2014) . Written informed consent was obtained from all patients. At the initial visit, medical and ophthalmic history was taken. Data regarding gender, race, age at surgery, date of first diagnosis of GO, prior treatment for the Graves' thyroid disease (GTD) and GO, smoking status (current smoking or stopped <1 year ago) and history of diplopia were recorded. The study collected data from the ophthalmic and orthoptic examinations that were performed 1 week (0-7 days) preoperatively and 3 months (AE7 days) postoperatively. At both study visits, the patients were asked to complete the GO-QoL and TED-QoL questionnaires. We recorded the patients who underwent a second surgery. If a second procedure was performed, the 1-week preoperative visit was scheduled at least 3 months (AE7 days) after the first procedure.
Procedures
The following measurements were performed 1 week before and 3 months after surgery: distance BCVA; interpalpebral distance including the marginal reflex distance 2 (MRD 2); abnormal head posture recorded as 'yes' or 'no': the test was performed prior to the alternating prism cover test (PCT) at near (30 cm) and distance (5-6 m); ductions measured with the modified motility meter (Mourits et al. 1994) or Goldmann perimeter (Jellema et al. 2011) in abduction, adduction, elevation and depression; cyclodeviation tested with synoptophore, Maddox double rod or cyclophorometer of Franceschetti (torsion in the primary position and 25°up-and downgaze was recorded); the field of BSV with Goldmann perimeter using a III4e light target (Woodruff et al. 1987 ) was scored as suggested by Sullivan et al. (1992) on a score sheet of 0-100%; GO-QoL questionnaire designed by Terwee et al. (1998) and TED-QoL by Fayers and Dolman were administered (Fayers & Dolman 2011) .
All GO-QoL questions were scored as 'severely limited' (one point), 'a little limited' (two points) or 'not limited at all' (three points). The questions 1-8 for visual functioning (VF) and questions 9-16 for appearance (AP) were summed to produce two raw scores from 8 to 24 points and then transformed to two total scores from 0 to 100 by the following formula: total score = [(raw score -8)/16 9 100]. In both cases, higher total scores indicate better QoL. When there were missing values, total scores were calculated for the remaining completed items. The transformation was then adjusted to total score = [(raw score -*)/(2x*) 9 100] where * is the number of completed items (Terwee et al. 1998) .
The patients scored all three questions of the TED-QoL on a scale from 0 to 10; 0 for 'does not interfere'-10 for 'completely interferes'. The score was multiplied by 10 and then subtracted from 100, which gave a quality of life score as a percentage. Each of the three questions (QoL overall, ability to function (VF), change in appearance (AP)) was reported independently.
The surgical procedure and the criteria for a second operation were at the discretion of the surgeon and the orthoptist. The surgeon was free to choose the approach and technique. Surgery was performed under local or general anaesthesia. Detailed data were recorded about the procedure and complications.
Statistical analysis
Statistical analysis was performed with software package SPSS 19.0 (IBM SPSS Inc., Chicago, IL, USA). Both categorical and continuous data were analysed quantitatively with the appropriate statistical tests.
Changes between baseline and 3 months after treatment were tested statistically using a paired samples ttest or Wilcoxon signed rank test. To detect differences between patient subgroups, the independent samples t-test or Mann-Whitney U-test was used. Correlations were analysed with the Spearman rank correlation test. The influences of prior treatment on outcome were investigated with linear regression analysis.
Results
At screening, 74 patients were found eligible for the study. Two patients withdrew consent during treatment, and one patient was excluded due to changes in motility prior to baseline testing. A total of 12 patients were lost to follow-up for the following reasons: seven before any strabismus surgery was performed, two after the first strabismus surgery and three refused a second recommended surgery. The remaining 59 patients with complete data at baseline and exit study visits were recruited from the following institutions: four patients from Vancouver, eight from Rochester, five from New York, 19 from Leuven and 41 from Amsterdam. The majority of patients were female (66%), and the mean (AESD) age at the time of the operation was 57 AE 11.5 years. Table 1 shows the patient population baseline characteristics. Of the included patients, 15 (25%) received two strabismus procedures. When calculating with the three patients who refused a second surgery, the reoperation rate was 30%.
Surgical procedure
Most procedures were performed on the inferior rectus and medial rectus muscles (85%). Muscle recession was the first choice of treatment (89%), followed by resection (5%; in two centres). The latter procedure was carried out as second surgery in three of four cases. Of all 15 patients who received a second surgery, in 13 patients, it concerned an additional procedure for the initial deviation. Two (3%) patients underwent a second surgery due to an overcorrection (consecutive deviation) after the first surgery. In some cases (five patients), muscle lengthening was performed with Tutopatch (Esser et al. 2011) or fascia lata. This technique was used twice on the medial rectus muscle, twice on the inferior rectus muscle and once on the superior rectus muscle. A muscle transposition was performed in eight cases and a Tenon recession in three cases (Zoumalan et al.2011) .Localanaesthesia was used in 17% of the patients. No complications wererecorded.Allsurgicalproceduresare summarized in Fig. 1 .
Field of BSV
The preoperative score (median (IQR)) of the field of BSV was 0 (0-0) and improved to 73 (53-85) postoperatively after one or two strabismus surgeries (p < 0.001, Wilcoxon signed rank; Fig. 2 ). The preoperative score of the field of BSV was not significantly associated with the number of performed surgeries (p = 0.98, Mann-Whitney). However, the score of the field of BSV after the first surgery was significantly lower for the group who underwent two surgeries (0; 0-63) compared with the group who underwent one surgery (76; 60-86; p < 0.001, Wilcoxon signed rank). After the second surgery, the field of BSV improved to 62 (40-76; p = 0.05, Wilcoxon signed ranks). The correlation between the postoperative field of BSV and the postoperative GO-QoL VF was moderate (Cohen 1988 ; r = 0.49; p < 0.000, Spearman rank) as was its correlation with the TED-QoL VF (r = 0.39; p = 0.013).
Quality of life
The quality of life as measured by both the GO-QoL and TED-QoL improved significantly after one or two surgeries (p < 0.001, Wilcoxon signed ranks). No difference was noted between the baseline scores of patients who underwent one or two surgical interventions (GO-QoL VF p = 0.91; TED-QoL VF p = 0.20, Mann-Whitney). The final result of the QoL score (both VF and AP) was also not significantly different between patients undergoing one compared to patients undergoing two surgeries. Changes in QoL are visualized in Fig. 3 .
The overall median (IQR) GO-QoL VF increased 54 (31-85) points and the TED-QoL VF with 40 (30-70) points. The baseline score of QoL was not influenced by gender (p = 0.71 GOQoL VF; p = 0.34 GO-QoL AP, linear regression). The correlation between the change in GO-QoL VF and the duration of the GO (r = 0.06; p = 0.66, Spearman rank) was not statistically significant.
There was a strong (Cohen & Lessell 1979) and statistically significant correlation between the postoperative GOQoL VF and the TED-QoL VF (r = 0.67; p < 0.001; Fig. 4 ) and between the postoperative GO-QoL AP and the TED-QoL AP (r = 0.72; p < 0.001, Spearman rank).
Previous treatment
Previous antithyroid drugs or I 131 was not significantly associated with the GO-QoL VF score after strabismus surgery (p = 0.68; p = 0.64), nor was the time of onset of the disease (p = 0.13) neither did smoking (p = 0.74, linear regression). Among patients with a history of decompression surgery, eight of 40 (20%) underwent a second strabismus surgery compared with seven of 19 (37%) patients in the non-decompression group (p = 0.94). The previous decompression procedure had no impact on the final outcome of the GO-QoL VF (p = 0.43).
Discussion
This multicentre prospective study shows that the field of BSV increases significantly (from median 0% to median 73%) after strabismus surgery in GO patients. In approximately thirty per cent of the patients, an additional or second procedure was advised. Both the GO-QoL and TED-QoL for visual functioning and appearance show significant improvement after one or two strabismus surgeries and show high correlation with each other.
Compared with a pilot study on QoL with comparable age and gender distribution, operated for strabismus after one procedure (Jellema et al. 2014) , our cohort showed a higher change in outcome of the visual functioning (VF) questionnaire for the GO-QoL (pilot study mean 19 points; present study median ≥50 points). The difference can be explained by the contribution of the second procedure. Additionally, the present study contains a larger cohort (59 compared with 28 in the pilot study). Moreover, both changes are much higher than the aforementioned six points of minimal clinically important difference found in the study of Terwee et al. (2001) . Several reasons for the high discrepancy between the QoL scores are explained in our previous study (Jellema et al. 2014 ). The most important reason for different outcome of QoL scores is the distribution and collection of the questionnaires. Terwee et al. (2001) sent them per mail 3 months after surgery and had 20% of non-responders. One may speculate whether those non-responders were asymptomatic patients.
In the pilot study, the field of BSV was measured in more natural conditions (e.g. with the presence of peripheral fusion stimuli) compared with the Goldmann perimeter used in the present study. Measurement of the field of BSV with the Goldmann perimeter does not reflect daily life experiences and can underestimate diplopia when the squint is primarily at distance fixation (Hatt et al. 2007 ). This could lead to a lower correlation between QoL and BSV scores. Diplopia was overestimated in patients with fragile fusion or tenuous suppression (Hatt et al. 2007) , which can be the case in some GO patients who are on the edge of their fusion capacity. In the pilot study, the field of BSV was measured at 2 ½ metres. In contrast, the Goldmann perimeter has a near-viewing distance. As some patients with GO suffer from a greater angle of deviation in the distance, in the present study, the measured field of BSV could have been an overestimate of the patient's true everyday experience of single vision and an underestimate of the patient's true experience of diplopia. However, preoperative scores between the pilot and the present study were similar. For both tests yields that it cannot simulate the daily life situation exactly and that overestimation of either the field of BSV or diplopia cannot be ruled out in either study (pilot and present study).
In the pilot study about QoL and the present one, a moderately strong correlation was seen between the field of BSV and the GO-QoL. Correlation coefficients between objective and subjective outcomes are often small-medium in magnitude. QoL is not only influenced by biological and physiological variables and symptom status, but also by psychological factors, patient values and expectations, social factors, demographics and adaptation to changing health (Wilson & Cleary 1995) . These factors have been addressed in other studies concerning GO patients (Yeatts 2005) . Because of the numerous factors that may influence QoL, correlations between objective clinical outcomes and QoL are inevitably not very strong. This issue has also been recognized in other areas of ophthalmology, such as in the evaluation of dry eyes (Hua et al. 2014) .
The correlation between the GOQoL and TED-QoL was good in the present study. Both contribute to clinical practice. For screening purposes and when time is constrained, the TED-QoL is preferred. However, more detailed research about subareas within the visual functioning or appearance topics can be analysed with the GOQoL. Future studies can focus on this particular area.
In the present cohort, the mean time between onset of the GO and initial strabismus surgery was 26 months (range 6-98 months). With such a long duration of the disease, patients may have adapted to their illness by changing the internal standards by which they evaluate their QoL, and/or the values and conceptualization of QoL, that is response shift (Sprangers & Schwartz 1999; Sprangers 2010) . In the present study, we did not find different GO-QoL VF outcomes related to the length of the GO (p = 0.13). In future studies, special attention could be given to this subjective shift.
Inherent to the multicentre design, we encountered some intercontinental differences. The travel distance in the United States of America and Canada did result in a few dropouts. One might wonder whether those patients had poor outcomes and sought care elsewhere and the missing data may have inflated the estimates of success. Another shortcoming could be the lack of objective criteria for a second surgery. As all centres are tertiary referral centres, we are convinced that this surgery lies within their field of expertise. This second surgery was indicated and performed when necessary. However, despite the differences in surgical techniques and measurements across sites and continents, the results of the field of BSV and QoL outcome have an overwhelming significance, be it in statistical or clinical outcome. Only two (3%) patients underwent a second surgery due to an overcorrection after the first surgery, an extremely low percentage compared with the literature (2-42%; Hudson & Feldon 1992; de Hoog et al. 2009 ). The frequency of an additional surgery in our study (30%) is consistent with the literature (8-45%; Ruttum 2000; Nguyen et al. 2002; Gilbert et al. 2005; Kim et al. 2013) . In the hypothetical case that all the dropouts would have additional surgery, the percentage of overcorrection, undercorrection and additional surgery would raise (20%, 23% and 45%), which are still in line with the literature.
In conclusion, different surgical techniques are used internationally to gain a maximal functional field of BSV in patients with GO. Both outcomes of TED-QoL and GO-QoL significantly improve after one or two strabismus surgeries. While both the objective (field of BSV) and subjective (QoL) outcomes improve in great measure, only a moderate correlation was found between them. This relative discrepancy highlights the need for both to be assessed. Each in their specific way supports the clinical management of this disease. 
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